Introduction
============

The term "hepatic encephalopathy" (HE) comprises a wide spectrum of neurological or psychiatric abnormalities in patients with liver disease commonly associated with hepatic cirrhosis.[@b1-hmer-9-037] Symptoms range from mild neurological abnormalities (ie, mood swings and changes in reaction times during daily activities, such as driving) to serious neurological damage (ie, difficulty moving and communicating) and, in extreme cases, coma.[@b1-hmer-9-037]--[@b4-hmer-9-037] Approximately 70% of patients with cirrhosis have subclinical or mild HE; 23%--40% of cases progress to more severe forms of the disease.[@b5-hmer-9-037]--[@b7-hmer-9-037] The development of HE is a predictor of reduced survival in patients with cirrhosis[@b8-hmer-9-037]--[@b10-hmer-9-037] and of an increased risk of hospitalization.[@b11-hmer-9-037]--[@b13-hmer-9-037] Furthermore, a significant consequence of HE is a lower health-related quality of life both physically and mentally,[@b14-hmer-9-037]--[@b17-hmer-9-037] and it also has a substantial impact on caregivers.[@b14-hmer-9-037] A number of studies have demonstrated how the onset of liver diseases, in particular HE, is associated with a significant and increasing consumption of health care resources and an increase in relative costs.[@b13-hmer-9-037],[@b18-hmer-9-037]--[@b20-hmer-9-037]

Thus far, no studies have been carried out with the specific aim of determining the prevalence of HE in patients with cirrhosis in Italy. Data published by the Italian Ministry of Health[@b21-hmer-9-037] reveal that in Italy in 2001 the hospital discharge records for 8,089 patients indicated HE in the diagnosis. This figure is confirmed by the extrapolation, to a national level, of data collected during an Italian real-world evidence survey[@b13-hmer-9-037] conducted by CINECA based on data provided by the ARNO Observatory. This estimated that, considering the incidence of hospital admissions for HE in 2011 (0.014%) in the observed population (in various Italian regions), a total of 8,550 patients were affected throughout Italy.

Currently, the only pharmacological treatment specifically authorized in Italy for the reduction of overt HE recurrences is rifaximin at a dosage of 550 mg twice daily (Tixteller^®^/Tixtar^®^; Alfa Wassermann SpA, Alanno, Italy).

The purpose of health sector financial assessments is to satisfy the need to rationalize the allocation and use of the financial resources available, providing the decision-maker with objectifiable evaluation criteria (depending on the information available and its reliability), which can justify the therapeutic choices made; in particular, the budget impact analysis (BIA) is aimed at estimating, in the short term (1--3 years), the financial consequences of adopting and distributing a new health-related technology (ie, a drug) in a specific territorial area (using, as far as possible, outcome and cost data related to and collected in that area).

The aim of this economic model (developed with Microsoft^®^ Excel for Mac, 2011) was to evaluate the impact of the costs associated with using rifaximin 550 mg twice daily to reduce the recurrences of episodes of overt HE with respect to the current treatment approach on the Italian National Health Service (INHS) expense budget.

Materials and methods
=====================

In order to evaluate the impact of the reimbursement cost of rifaximin 550 mg twice daily on the INHS expense budget, the current costs of outpatient treatment (tests and medical consultations), drugs, and hospitalizations for patients with overt HE were compared with a possible future scenario whereby a proportion of the patients previously hospitalized for HE are treated with rifaximin 550 mg twice daily.

Assumption of the BIA
---------------------

The estimated reduction in the number of hospitalizations due to HE was taken from the rifaximin 550 mg registrative study[@b12-hmer-9-037] and applied to this group. The present economic evaluation was conducted from an INHS perspective and covered a time horizon of 3 years.

The distinction between the two hypothetical scenarios considered relates to the possibility, through the use of rifaximin 550 mg twice daily, of reducing the probability of HE recurrences and, in particular, of reducing recurrences that require hospitalization.[@b12-hmer-9-037]

Sources of clinical efficacy of rifaximin 550 mg
------------------------------------------------

In a 6-month, randomized, double-blind, placebo-controlled study, rifaximin 550 mg twice daily was the only treatment that was shown to bring about a reduction in HE recurrences and hospitalizations versus placebo.[@b12-hmer-9-037] In particular, rifaximin 550 mg twice daily, in combination with lactulose, significantly reduced (*p*\<0.001) the risk of overt HE recurrences (−58%; hazard ratio \[HR\] =0.42) and (*p*=0.01) the risk of HE hospitalizations (−50%; HR =0.50) in comparison with placebo + lactulose over a 6-month period. The incidence of adverse and severe adverse occurrences during the study was comparable between the group undergoing active treatment and the placebo group. Furthermore, it was demonstrated that long-term treatment with rifaximin 550 mg twice daily (over 24 months)[@b22-hmer-9-037] sustains the results in terms of continuous protection from HE recurrences and maintains the rate of reduction in hospitalizations due to HE recurrences without any compromise in patient safety. Conservatively, only the differences in hospitalizations due to HE recurrences (HR=0.50) were assessed in financial terms during this analysis and not the reduction in HE recurrences not requiring hospitalization.[@b12-hmer-9-037]

Source of Italian data on hospitalizations due to HE recurrences and related costs
----------------------------------------------------------------------------------

In order to evaluate the impact of the reduction in episodes of HE recurrences resulting from rifaximin 550 mg treatment, the frequency of hospitalizations due to HE recurrences in Italy and the related costs were taken from the study of Roggeri et al.[@b13-hmer-9-037] This retrospective, observational study analyzed the data of \~3,000,000 INHS patients nationally, whose records are held on the ARNO Observatory database (<http://arno.cineca.it/portal/>). From this sample, 381 patients who were hospitalized due to HE during the period from January 1, 2011, to December 31, 2011, were selected. These patients were observed during the year following the index event to evaluate the consumption of health service resources and INHS costs (ie, drugs, outpatient diagnostic procedures and specialized outpatient services, and hospitalizations). The percentage of patients who died during the index hospitalization was 21.5% (n=82), 5.8% (n=22) of patients died during the follow-up period, and the survival rate at the end of the observation period was 72.7% (n=277). Of those patients surviving during the index hospitalization (n=299), 42.5% had at least one episode of HE recurrence which led to hospitalization during the follow-up; of those patients with at least one recurrence, the mean number of hospitalizations was 2.13 hospitalizations/year. The percentage of patients who did not suffer any recurrences leading to hospitalization during the follow-up period was 57.5%. The mean hospitalization duration due to HE recurrences observed by this study was 9.67 days.

From a cost standpoint, the annual costs associated with patients not requiring hospitalization due to HE recurrences during the observation period were significantly lower (€12,098/patient/year) in comparison with patients who were hospitalized due to an HE recurrence (€21,272/patient/year).[@b13-hmer-9-037]

Pharmacological costs in the two scenarios and expected number of patients treated with rifaximin 550 mg
--------------------------------------------------------------------------------------------------------

From a pharmacological cost standpoint, considering that in Italy there are no other pharmacological treatments approved for the reduction of HE recurrences and that, in the rifaximin 550 mg twice daily registrative study,[@b12-hmer-9-037] the majority of patients were treated with rifaximin in combination with lactulose (\~91% of patients also took lactulose in both arms of treatment), in the current scenario, no additional pharmacological costs were considered, whereas in the scenario with progressive rifaximin uptake, the additional rifaximin cost was considered. This approach also derived from the fact that the costs associated with the pharmacological treatment of patients with HE are taken from a real-world evidence study in which lactulose was already part of the current pattern of treatment in Italy in the majority of patients[@b13-hmer-9-037] and is also recommended for the management of HE and indicated as standard of care by Italian Guidelines.[@b21-hmer-9-037]

In order to evaluate the pharmacological costs resulting from rifaximin 550 mg twice daily treatment, the ex-factory reimbursement price charged to INHS, net of price reductions stipulated by law and of selective reductions for rifaximin, was considered; furthermore, sensitivity analyses assuming different price levels were conducted to reflect the possible discounts negotiated and reserved to INHS structures reported in the Gazzetta Ufficiale (Official Gazette of the Italian Republic).[@b23-hmer-9-037]

The price considered for rifaximin 550 mg twice daily, which is, as mentioned previously, the ex-factory price net of provisional reductions stipulated by law and of selective reductions for rifaximin (ie, the cost actually borne by the INHS), was €5.23/day.

Therefore, to evaluate the impact of the cost of rifaximin 550 mg twice daily on the INHS, the 50% reduction in the number of hospitalizations due to HE recurrences as a result of the pharmacological treatment[@b12-hmer-9-037] was applied to the actual rate of hospitalizations due to HE recurrences observed in the abovementioned Italian observational study on the untreated portion of the population (47.5%)[@b13-hmer-9-037] and to the relative costs associated with patients with or without hospitalization due to HE recurrences, as well as to the drug costs.

It is expected that during the first year 3,500 patients will be treated with the new medicine, and this number will increase to 5,000 in the second year and to 7,000 in the third.

Results
=======

Overall, considering the rifaximin 550 mg twice daily uptake in terms of patients per year, its use could lead to a national reduction in hospitalizations due to HE recurrences of 743 in the first year, 1,062 in the second, and 1,487 in the third, as well as a reduction in the number of hospitalization days required ([Table 1](#t1-hmer-9-037){ref-type="table"}).

On the basis of the hospitalization rate due to HE recurrences and the observed costs for patients with and without recurrences,[@b13-hmer-9-037] the current mean annual cost borne by the INHS (the current scenario) weighted by the percentage of patients with and without recurrences is €15,995 (including hospitalizations, diagnostic procedures and visits, and drugs); similarly, considering a 50% reduction in hospitalizations due to HE recurrences (Bass et al[@b12-hmer-9-037]), the weighted mean annual cost per patient treated with rifaximin 550 mg twice daily would be €14,046 (including hospitalizations, diagnostic procedures and visits, and drugs excluding rifaximin), to which, for the purpose of this analysis, the cost of the rifaximin 550 mg twice daily treatment must be added, which amounts to €1,910/patient/year, resulting in a total cost of €15,957 ([Table 2](#t2-hmer-9-037){ref-type="table"}).

As [Table 3](#t3-hmer-9-037){ref-type="table"} clearly shows, an increase in the cost associated with pharmacological treatment with rifaximin, thanks to the reduction due to rifaximin 550 mg twice daily on the number of hospitalizations due to HE recurrences, results in a progressive decrease in the total cost borne by the INHS in line with the increase in the number of patients treated with rifaximin, progressing from a saving of \~€133,000 in the first year tô€267,000 in the third year.

Since the Gazzetta Ufficiale indicates that INHS structures receive a discount for rifaximin 550 mg, in order to better assess the true impact of the cost of this drug on the INHS expense budget, two sensitivity analyses, considering a 10% and a 20% discount, respectively, were carried out. As [Table 4](#t4-hmer-9-037){ref-type="table"} shows, if the discount for INHS hospitals was \~20% of the market price, the saving for the INHS would increase tô€1.5 million in the first year and to \~€3 million in the third year.

Discussion
==========

The key strength of this economic evaluation, which outlines a financial saving associated with rifaximin 550 mg twice daily treatment due to the reduction in HE recurrences leading to hospitalization (which constitutes the main cost component for this category of patient),[@b13-hmer-9-037],[@b18-hmer-9-037]--[@b20-hmer-9-037] is the fact that it is based on Italian real-world evidence data[@b13-hmer-9-037] relating to an unselected wide population covering different regions of the country (ie, epidemiology, frequency of HE recurrences, current health care costs associated with patients with and without HE recurrences borne by the INHS relating to drugs, ordinary hospitalizations and one-day hospitalizations, diagnostic procedures, and outpatient medical consultations), with the exception of the data on the effectiveness of the drug in reducing hospitalizations due to HE recurrences, which was taken from the registrative study.[@b12-hmer-9-037] These 6-month effectiveness data were also confirmed for long treatment periods through the extension of the registrative study, using the open-label approach, for \>24 months.[@b22-hmer-9-037]

Thus far, no studies have been carried out to evaluate the impact of the reimbursement cost of rifaximin 550 mg twice daily on the INHS expense budget, and any comparisons to foreign data in this kind of study would be inappropriate due to different market prices for the medicine and different reimbursement systems. However, in a European context, a study did underline the positive impact of treatment with rifaximin on the consumption of hospital resources for seven UK hospitals.[@b20-hmer-9-037] This study showed that rifaximin 550 mg twice daily treatment leads to a reduction in hospitalizations due to HE recurrences and in the length of stay, which comfortably cover the cost of the drug, resulting in a total saving of between £1,480 and £3,228 per patient per year. Moreover, at the European level (ie, France, Sweden, UK, and Belgium), several cost effectiveness analyses have been carried out, which support the favorable cost-effectiveness ratio of rifaximin 550 mg twice daily used in combination with lactulose.[@b24-hmer-9-037]--[@b27-hmer-9-037]

The conservativeness of this analysis should be taken into account: HE recurrences not requiring hospitalization, but only pharmacological treatment, were not taken into financial consideration. Indeed, rifaximin leads to a significant reduction in the rate of these episodes when compared to the standard pattern of treatment (58% relative reduction in the risk of a breakthrough episode).[@b12-hmer-9-037]

Conclusion
==========

This evaluation of the impact of the use of rifaximin 550 mg twice daily, which, in addition to pharmacological costs, also considers costs related to hospitalizations, diagnostic procedures, and medical consultations taken from Italian sourced data, on the INHS expense budget shows how, despite the increase in drug costs, rifaximin leads to significant clinical benefits in terms of reducing hospitalizations due to HE recurrences and related costs, resulting in an overall cost reduction for the INHS; this saving increases proportionally in line with the number of patients treated.
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###### 

Reduction in hospitalizations due to HE recurrences and related length of hospital stay

  Time horizon   Number of patients/year treated with rifaximin 550 mg TD   Percentage of patients with HE recurrences[a](#tfn1-hmer-9-037){ref-type="table-fn"} without rifaximin 550 mg TD   Number of HE recurrences[a](#tfn1-hmer-9-037){ref-type="table-fn"} without rifaximin 550 mg TD   Percentage of reduction in HE recurrences[a](#tfn1-hmer-9-037){ref-type="table-fn"} due to rifaximin 550 mg TD   Percentage of patients with HE recurrences[a](#tfn1-hmer-9-037){ref-type="table-fn"} with rifaximin 550 mg TD   Number of HE recurrences[a](#tfn1-hmer-9-037){ref-type="table-fn"} with rifaximin 550 mg TD   Reduction in HE recurrences[a](#tfn1-hmer-9-037){ref-type="table-fn"} due to rifaximin 550 mg TD   Average length of stay for HE hospitalizations (days)[@b13-hmer-9-037]   Reduction in number of hospitalization days for HE recurrences
  -------------- ---------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------ ------------------------------------------------------------------------------------------------ ---------------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------ ----------------------------------------------------------------
  Year 1         3,500                                                      42.5                                                                                                               1,487                                                                                            50                                                                                                               21.2                                                                                                            743                                                                                           −743                                                                                               9.67                                                                     −7,185
  Year 2         5,000                                                      42.5                                                                                                               2,124                                                                                            50                                                                                                               21.2                                                                                                            1,062                                                                                         −1,062                                                                                             9.67                                                                     −10,270
  Year 3         7,000                                                      42.5                                                                                                               2,973                                                                                            50                                                                                                               21.2                                                                                                            1,487                                                                                         −1,487                                                                                             9.67                                                                     −14,379

**Note:**

Considering only recurrences with hospital admission.

**Abbreviations:** HE, hepatic encephalopathy; TD, twice daily.

###### 

Current scenario versus alternative scenario: average yearly cost per patient weighted by the percentage of patients with and without recurrences

                                                                          Percentage   Average yearly cost per patient
  ----------------------------------------------------------------------- ------------ ---------------------------------
  **Current scenario (without rifaximin treatment)**                                   
  Patients without HE hospitalizations                                    57.5         €12,098
  Patients with HE hospitalizations                                       42.5         €21,272
  Total average weighted cost                                                          €15,995
  **Alternative scenario (with rifaximin 550 mg twice daily)**                         
  Patients without HE hospitalizations                                    78.8         €12,098
  Patients with HE hospitalizations (50% reduction vs current scenario)   21.2         €21,272
  Average weighted cost (excluding rifaximin cost)                                     €14,046
  Rifaximin 550 mg twice daily                                                         €1,910
  Total average weighted cost                                                          €15,957

**Abbreviation:** HE, hepatic encephalopathy.

###### 

Budget impact analysis results

  Time horizon   Ex-factory rifaximin price per day (550 mg twice daily, approved price)   Current scenario (without rifaximin treatment)   Alternative scenario (with rifaximin 550 mg twice daily)   Difference in expenditure; alternative scenario with rifaximin vs current scenario                                                       
  -------------- ------------------------------------------------------------------------- ------------------------------------------------ ---------------------------------------------------------- ------------------------------------------------------------------------------------ ------- ------------- -------------- -------------- -----------
  Year 1         €5.23                                                                     8,550                                            €136,754,247                                               3,500                                                                                5,050   €6,685,888    €129,935,112   €136,621,000   −€133,248
  Year 2         €5.23                                                                     8,550                                            €136,754,247                                               5,000                                                                                3,550   €9,551,268    €127,012,625   €136,563,893   −€190,354
  Year 3         €5.23                                                                     8,550                                            €136,754,247                                               7,000                                                                                1,550   €13,371,775   €123,115,977   €136,487,752   −€266,496

**Abbreviation:** HE, hepatic encephalopathy.

###### 

Sensitivity analysis with 10% and 20% price reductions for rifaximin

  Time horizon       Ex-factory rifaximin price per day (550 mg twice daily, reduced price)   Current scenario (without rifaximin treatment)   Alternative scenario (with rifaximin 550 mg twice daily)   Difference in expenditure; alternative scenario with rifaximin vs. current scenario                                                       
  ------------------ ------------------------------------------------------------------------ ------------------------------------------------ ---------------------------------------------------------- ------------------------------------------------------------------------------------- ------- ------------- -------------- -------------- -------------
  For 10% discount                                                                                                                                                                                                                                                                                                                                  
  Year 1             €4.71                                                                    8,550                                            €136,754,247                                               3,500                                                                                 5,050   €6,017,299    €129,935,112   €135,952,411   −€801,837
  Year 2             €4.71                                                                    8,550                                            €136,754,247                                               5,000                                                                                 3,550   €8,596,141    €127,012,625   €135,608,766   −€1,145,481
  Year 3             €4.71                                                                    8,550                                            €136,754,247                                               7,000                                                                                 1,550   €12,034,598   €123,115,977   €135,150,574   −€1,603,673
  For 20% discount                                                                                                                                                                                                                                                                                                                                  
  Year 1             €4.19                                                                    8,550                                            €136,754,247                                               3,500                                                                                 5,050   €5,348,710    €129,935,112   €135,283,822   −€1,470,425
  Year 2             €4.19                                                                    8,550                                            €136,754,247                                               5,000                                                                                 3,550   €7,641,014    €127,012,625   €134,653,640   −€2,100,608
  Year 3             €4.19                                                                    8,550                                            €136,754,247                                               7,000                                                                                 1,550   €10,697,420   €123,115,977   €133,813,397   −€2,940,851

**Abbreviation:** HE, hepatic encephalopathy.
